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SARAN KAMPEEPHAT : DIRECTIVE GAIN ARRAY ANTENNA USING
MICROSTRIP PATCHES WITH ASYMMETRIC T-SHAPED SLIT LOADS.

THESIS ADVISOR : ASST. PROF. RANGSAN WONGSAN, D. Eng., 146 PP.

DIRECTIVE GAIN/ARRAY/SLIT LOADS

At present, a development of wireless communication system is advanced,
especially technologies related to WLAN. Hence, an antenna for electromagnetic
signal transmission of the wireless communication is important equipment that
researchers interest in design and development to obtain the suitable antenna with
high efficiency and in accordance with user’s requirements. In general, dipole antenna
is a popular for the system’s access point. However, its signal dispersion pattern will
be radiated in all directions causing energy loss in the unwanted directions. According
to this limitation, this research proposed a directive gain array antenna using
microstrip patches to provide a signal dispersion pattern in specific directions. The
thesis was conducted from an antenna simulation model using an application program
IE3D to study the antenna’s feasibility to provide directive gain by using an
asymmetric T-shaped slit loads. The antenna was arranged in a 1 x 4 array to expand
the gain and the signal dispersion pattern was symmetrically adjusted by adjusting slit
loads’ positions. After that, the FDTD was used to determine radiation patterns.
Finally, an array antenna model was fabricated in accordance with the calculation in

order to measure and compare results with the simulation model and the FDTD.
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FDTD = Finite Difference Time Domain
PML = Perfectly Matched Layer
LHCP = Left Hand Circularly Polarization
RHCP = Right Hand Circularly Polarization
FD-NFFF = Frequency-Domain Near-Field to Far-Field Transformation
TD-NFFF = Time-Domain Near-Field to Far-Field Transformation
TE mode = Transverse Electric mode
TM mode = Transverse Magnetic mode
o = total thickness of PML layers
&, = relative permittivity
&, = permittivity of free space
M = permeability of free space
E = electric field vector
H = magnetic field vector
D = electric flux density
B = magnetic flux density
J = electric current densities
o = electrical conductivity
) = magnetic conductivity
AX = cell size of Cartesian space increment in x direction
Ay = cell size of cartesian space increment in y direction
Az = cell size of cartesian space increment in z direction
At = size of time step

= velocity of light
= FDTD discrete time index

4 = any component of the field
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width of the patch

length of the patch

time

bandwidth

operating frequency

major axis of polarization

minor axis of polarization

effective isotropic radiated power
width of the microstrip or patch antenna
thickness of substrate

input reflection coefficient

reflection coefficient

input impedance

output impedance

propagation constant

intrinsic impedance

wavelength of electromagnetic wave in free space
input impedance of patch antenna
reflection factor

angular frequency

B2
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(%) A

(3.2)
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v 9 ] v v

wnsgnadugatou lumsdnui lddimua 1A ledumisvesdiudsznouaunlaih
voog S 1w y = 2 < o 4 9 X A 4
pazmianuuaada1e awaas 13 1ug Ui 3.4 suilunuodiaesiaivuwivonsuie
@ a 1 — ] 3 e [
8ano3Nues Yee 11ndiutlsznovvosaduinlii E vazaviuuiman H gniaanll
¥ —_—
sgrdnanvesnuuazduluawia aviudiudsznovvesauinldid E la q azgn
] 1 < — o 1 1

dousousledIulsznouvesduivuiivan H $1uau 4 a1 uazdiuilsgnouves

] [ — < = o ] @ &
amuudman H la 9 fezgndeuseudreauin’liih E $1uau 4 aumngudeanuds

~ 1 A A a 1 ] < Y v
awsadswiuaunswadsduifouFainarvesdrutlsznouauiumiman H, 1dd

aun1s (3.19)

HI™2 GG -H Gk 1

At (i, j,k)
EJG,J,k+1/2)-EJ(i, j,k-1/2)
Az
o E; @, J+1/2,k)-E] (i, j-1/2,k) (3.19)
Ay
—o (i, j,k).H! (G, j,k)

o o A VY A ' 3 ~
waawmjmwﬁmmmagﬂﬂizmmﬂmwmimaﬂmuﬂszﬂammammmmaﬂ HX N

JMIZNA (n+1/2) ag (n-1/2) nA Ao

n+l/2 n-1/2
Hn — Hx +Hx
g 2

(3.20)

[l Y [
HIpRUNIABIATUYBITNNS (3.19) A28 At udunuasluaums (3.20) tiedana luiag1d

v o JA a ' A o @ dyd
ANUTAUNUTNNANDIUDINU ﬂ\i@]@hlﬂu 19
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. .. At
HEM2 (k) = HI 23 k) = ——
u(i, J,k)
E"(, j.k+1/2)—ED i, j,k—1/2)
Az
EMNG, j+1/2,k)-E"(i, j—1/2,k
| ENLI+1200 B -1/2,K) .
Ay
n+1/2 7 n+1/2 7 &
S T
2
uennad H™? sonuazdaaums (3.21) ndazla
(1+ Ao (u,J,k)JHQﬂ,z(i,j,k):(1+ Ao (I,J,k)J
u(i, j, k) 2 u(i, J, k) 2
E", j.k+1/2)—E(i, j,k—-1/2)
XH;'_”z(i,j,k)+ _AF o Az o (3.22)
(i 5 K)| ENG,j+1/2,k)—EN, j-1/2,k)
Ay

1+07(, j k)At
2u (i, j, k)

MU (3.22) A28 ( J M 1daun1snisausewmnedsual

woa H2(i, j,k) Ao

1.C (i, j,k)At

Hn+l/2(i, jyk): 2*,Ll(|, J!k) Hn_llz(i, J,k)
" Lo @, j, KAt |

2u(i, j,k)
(3.23n)
At E) G, j,k+1/2)—E) (i, j.k—1/2)
A, j.k) Az
1, @ (kAL ENGLj+1/2,K) ~E7 (i, j-1/2.K)
2u(i, j, k) Ay
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o v W v o Ja a 1 4 1%
ludweudernuny H, sgmanuduiusiinanoiloanuass H, uag H, 90

AU (3.23%) 1ag (3.230) 14

c (| J,K)At
n+li2 g - 2#(' J,Kk) —1/2
HJ (I,J,k)— Jk)m (i, j,k)
2#(' J,k)
(3.23%)
EMi+1/2,j,k)-EMi-1/2, j,k)
ﬂ(' ), k) AX
L o (i, §, KAt | EN, j,k+1/2)—EJ (i, j.k-1/2)
2#(' §,k) Az
o (| J, k)At
n+1/2 2#(' J,k) H L2
H™ <, ] k)_ : ,k)At @i, J
2,u(|
(3.237)
At E"(i, j+1/2,k)—E"(i, j—1/2,k)
(i, j,k) Ay
+o*(i,_j,_k)At CE)(i+1/2,),k)—E)(i-1/2, j.K)
2u(i, j,k) AX

Jas = v A 1 Y J 1 A A a
Iﬂﬂﬁlﬂn‘ﬁﬂﬁmEJ?ﬂ‘UTIﬂﬁTJiHGUN@u EAMWITONITUNTHAN WHULIUDILBIUIDNIVD

Y
E,. E, uaz E, mudan 1adei
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_a(i, jk)at
EP4(i, k) =| 280 LK) eng g

(| J,K)At
25(| J,k)
(3.239)
HM™Y230, j+1/2,k) = HMY2(3i, j—1/2,k)
8(I i k) Ay
cf(l J,K)At CHY2GL ik +12) - Hy L ok -1/ 2)
25(| J,k) Az
G(I J, k)At
nelgs s ~2e(i, j,k)
B2 1k = a(. i KA Ey (i, j,k)
2$(I J,k)
(3.239)
HM™2(G, j,k+1/2) = HMY2(, j,k —1/2)
S(I J, k) Az
o(l LK)AU | HI2(4172, k) - HP ™M (1-1/2, j,K)
25(| J,K) AX
U(I ,K)At
nelge - 2¢(i, j,K
3 1(I,J,k>— (f(J ’k)A)t 2, J.K)
28(|
(3.23%)
At H)™2 (4172, j,k) - H )™ (-1/2, j,k)
(i, J,k) AX
1, 9 J,k)At CHPRGL j+12,K) - H AL -1/ 2,K)
2¢(i, j,k) Ay

= I N J
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p81913Fas 17T up VAV IANUFEIAY AD NITHINUATLEZHI9TEH NN 1

o

o’/’ < 1 < % (%% [ 4
UAY AX, Ay, Az tazduvesnal At uag ¢ iumivesanuinas $evg ldaanuduius

9

FEUINAUVITLUIUANTA 1Ae95]

At < ! (3.24)

\/ 1 1 1
Cc + +
(A)?  (Ay)?  (Az)?

A A O A Y o ' d
33 NEm"lm‘ua‘uWﬂg}ﬂﬂammumuwamnuammuysm
A o Aad J A A a 9 us.:} Y =\ a o
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09/’ o 1 {J aa o
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31 3.6 datlsznovvesau Tunuuuwuaduauw lihawe oy PML

4 1
mMeludananedu PML amnnaninszinsanilymn lulidudlsenevvosau

4 09.:’ 1 @ Y f 2 K]
Ay z ieaunlwihaseguuszuiy x, y ae3ii 3.6 avmwiman IWihineded

19 Y 1 o Y 4 A o ya
agAdeiu 3 daulszneu e E, , E, uaz H, ilaumsvewwngnadninldiinsanan
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M0 3 quUMIAIne llil

oE oH
&y ——+oE, =— (3.250)
ot oy
oE oH
L toE, =—2 3.25%
“Ta T T T (3250
. E, OE
Uy H. o HZ:6 L (3.250)
0 oy o

A A o a o w A * * A

e o, g o, o mmm"h/\hﬂﬂmnﬂma X uag y aiuaiauy n o, uag o, 9 N7
= 1 < a o w v A T W 3| zﬂy A o

qmulﬁﬂllmlﬂﬁﬂﬁlUﬂﬁﬂ"I\i X Hag y aiuaiay asud m unuaIaIna1nluiengulen s
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T =—T (3.26)

o8 Ho
&4 * A 0 = ' <3 o v ng Y o Y1
Wwe o, ,0, A9 ﬂ'J"IﬂJUTTHQUh/‘IﬂHLaxﬂTiqmuLﬁﬂLLiJLﬂaﬂ@"lﬂJﬁTW]J NATUDINIHUA I A

~ 4 A o dy A A = 1T oooa A J @ A 1
UAUHKUDINAUAINANUUDHNTY ‘V]3Jfﬂif:[illu!,’(?fﬁllﬂWﬂUfJNWLLﬂu“ﬁGU@QGI’Jﬂ'ﬁWQ‘VIhliJiJﬂTi

y
=) = Y a dgj d‘ d' a qs/l [ 1 1
auuaﬂuaz"lmmiazmumﬂw LUDARAUITSHIVAUNINAIRINNUIDYAD IS INDINALAY

e e )

v
=1

=\ =\ 3 [V & Y o ya 4 o I~] dy =1
AINANNUMI G ToUUUAAIAITUNT (3.26) Fad M IHouHuAUTVoIRINA 1T WO MELY
1 LY a [ :/l = Y [ a 4?} d' d'
aumnulueinadasy daiuaun1s (3.26) 9z lulimsagiounduNavuiionauszuly
Aa a’/‘ v A Y o a dyd A Ao P A
AUNRANNTZNUAINAURIMINAINa e IMADasz uazibilumatiaith Tl 14 lumsqanau
4 4 1 o [ o I [ 4
AauNUNInTzateeonul drsumanivualiidudinars PML lunvuunuaauauiy
3 [ ) [ a dyd 1 1 [ I~
Tfhawanaiundnnisdrdgvesiiowil Ae msudsdmdsznovaummiman H, gn
I~ 1 A [ 2/' o =1 [
usneeniludesdiufe H, uay H, duiuludina1s PML azii 4 drulseneuvesauiy

QSJ‘ 1 Y A o v o
Ao E,, E,, H, vaz H,, AU 4 dauiliyenTesnudronuduius

& %, +o,E, :M (3.27n)
oy

£ %, +0,E, = —w (3.27%)

ﬂ06;|—t“+0:|‘|zx=—a;(y (3.270)

Ho 5|;zy +o,H, = a;yx (3.279)

*

° - v &
y ﬁﬂ ﬂ')WiJuWﬂWﬂ“V‘lﬂHlﬁmlﬂJlﬁﬁﬂ‘ﬂl’ﬂﬂwu‘ﬁ (homogeneous)

d‘ o *

wedwils o, o, ,0, WY o
Tuunu x wazunu y mud1Ay Mnaums (3.27) dielnsanlsemsusnied o) =o,
115052 EUNT (3.270) uag 3.279) 11 13drenuldd I aamaeiios 3 dun1snd
1 1 <3 [ = %
aulsznevved E,, E,wee H, =H,+H, pg19 15Nl lunsdila @anare PML

9
aNITAATOVAQUATAAN  Nanua §1 o, = 0y =0, =0, =0 vz liaums (3.27)
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1< 4 4 a Y * * v o Y

nagluaunIsuNAgIadlueImaass 61 o, = o,uay o,=0,=0 wadazin

< @ { o * * o

aums (3.27) naeiluaumsvesdinaiinnuh gaieh o, = o, lag o, =0, WM

[ % @ (% {

Tdaunis 327) ﬂa1EmJufmmimawmmmﬂﬂﬁumﬁumi (3.25) Yodunallsznis
A [ A ! A = [ 2 dy * v

d03 Ao Mwsamuaou lvnounvziinisfiuiuail o, =0,=0a3na13 PML 9%

amisaganaunauszuiy (E,, H,) mdumaldawiia x udee liganaunau
| o P P g §

szun (E,, H,,) iaunmaliawia y fstliiiesannsdiveanmsgananazilulamngues

o o A 1 A a 3 <
aun1T 327v) uay (3.27ﬂ)mmummﬂ"lu@ﬂﬂauﬂﬁ X uuﬂmﬂullﬂmmmm
TUN1T G27n)Uay G279)UALTINIIAAUTETUID (Ey,HZX) uay (EX,HZy) 1o

'
v I}

o, =0, =0 dwnsaivespuaniialudinan PML A (o,,0,,0,0) naz (0,0,0,,0,) 9

v o A @ 1a o 9y A o o3 Y o ya
uﬁmﬂamﬁn‘wu‘ﬁ'wﬁmmmwagmﬂﬂuuazammmmuuﬂu"lﬂmanmi (3.26) 1140

F4 1
=

308ADIEHINDIMADATLAVAINANAIMINTINULazTUNoA 1T lunamsaztouvoInay
Vg & A o A R a
wiman Iihdateu lvvesdanas PML inarntiduiiugwveanaiiauuy PML
A A A Y] ~ = = I~ o
Wenasanszuuaaunaaneg i 3.5 ssauwliihlvnagegaidlu E, g o
o [l ~ I 1 A = A
nuuny y uazaiulsenen H, Wgaueneenilluaesdiu e H, uaz H,, fivuia Ao
H,o taz H,, driarsanauiui@uniclusuissnuadudunar e’ diudinaig

4

:JI dyd 1 = Yo A
PML eUN1INN 4 ﬁumﬁuuJumuﬂizﬂammﬁummmammau‘lﬂmu

E, =—E,sin et

(3.280)
E, = E, cosge /) (3.28%)
H, =H, et (3.287)
H, =H,et (3.289)

A A A a A A a g

N @ A9 ANNUNBIYWY (angular frequency) LA o 1AL £ AD LAVAAUITIFOU (complex wave
d' 1 Y 1

numbers) waziiiensiuavuiavesauy i E, auns (3.28)%31%1uﬂ15w1ﬂ1 a,p

H uaz H . 1dTagnisunuannis (3.28n) 84 (3.289) Tlaaunis (3.27n) 84 (3.279)

zx0 zy0

s /q o v
FUMIUNAFIAA IUAINA PML i]ghlﬂ
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(o3
&Eysing— j—Egsing = B(H o +H ) (3.29n)
(4
&,E,COSp — jﬂE0 cosp =a(H,,+H,,) (3.29%)
(2
. O'*
toH o — 1—H,, =aE,cos¢ (3.299)
w
.o, .
HoH 4o — j;HZyo = fE,sing (3.299)

1 ] 9
Fez1AA H,, uag H,,, minaums (3.299) wag (3.299) dierhiaiisaes ldunuasluaums

(3.290) 1A (3.29%) Muday az1d

_ % ein o COS @ psing

A (= e e v B
_ Oy B a COS @ psing

go,uo(l gow]COSq)— a[(l_ j(O';/,LlOCl)))+ (l— j(O‘; /ﬂoa)))j (3.30%)

| O
. 1—J(YJ
B _sine bo® (3.31)
a  Cosg 1_j£ o, j
£,

z Y dy v o Jdo o A A ] 1A £
MFNFTUNTUNUUUIETUNUTNUITUIUAAY (wave number) ‘Vlhlil‘ﬂﬁﬁ_lﬂ'] 19 o g ﬂ BN
naaslugddasidiuvesauns (3.30n) uaz (3.300) asuaasludunis (3.31) FIdWITON

a1 o? Tdvnaums 3.31) wag 3.30v) aunsomial A2 ldanaums (3.31) uag (3.300) 9
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9
@ 4

e Y1 a A R | A = a A A A
VNﬁfNW“l]uufﬂgcl‘ﬁﬂ'W]LW?J@uﬂuﬂ’]\iﬂuﬂlﬂﬁﬂﬂﬁu']ﬂﬂuﬁﬂﬂﬂﬂ V]ﬂﬂ’]\?ﬂ’]ﬁlﬂaﬂuﬂﬂ]ﬂ\iﬂﬁuclu

a ) A4 A o A v
V]ﬁﬂ’]\?@]ﬁ\iﬂuslnilcluﬂum@ﬂ!ﬂW’]SﬁWfﬂu%iﬂulﬂi@ﬁﬁu’]ﬂﬂ?ﬂfﬂgqﬂ

o = Yoot [1—j I« jcow (3.32)
Eo®

G

B= Foll (1—j %y Jsingo (3.32%)
G Ey®
G =\/0)x cos’ ¢ +w, sin’ g (3.33)

1ol lg0)

e (3.34n)
1- jlo, !y,

1- j(ay/goa)) (3.34%)
o, = i :
bo1- jiay/,uoa)i

A o 9 < ! A I I~ <
Womviualw 74 nJumuﬂizﬂemamﬂﬁummmmﬂu W, wag ciluanusueaauay
Y

ANFUNIT (3.28) LLALINTAUNIT (3.32) @il

ol t XCOS p+Ysin g 0y COSQ oysing
. cG e &G e £0cG

v =y,e (3.35)

A o o Y Ay A Y o Jo
H’iaﬂﬁj!lﬂiﬁ@\?ﬁ?ﬁfﬂﬂ'lﬂﬂhlﬂﬂi']ﬂ o H iag H ﬂ"liflﬁﬂﬁflﬂiﬂﬂ“l’\l\?ﬂ‘]fu"u@\‘l o e

2x0 zy0

B nnaums (3.299) uaz (3.299) 1ar 1gmves o taz f nnaums (3.32) wld

H,,=E, (ﬁ]éwx cos’ ¢ (3.36M)
Ho



30

H,o = E, (%jéa)ysin2¢ (3.36%)
0

zx0

Y
nniudaeglugdvesaums (3.33) vzldnasauves H,, waz H,, fio

H, =E, (—je (3.37)

] 1 1 1 ] < 9 = =
nagdasaIusyrIevnaaun lWihdevinasuuutimanumualeauns (3.38) Fauenaa
a 4 1 4 * * I
suiiuaud (Z) druaums (3.35) uag (3.38) wiiunumile (o,,0,) uaz (0,,0,) Wuly
AU luaums (3.26)

Mo |1
Z=_||—|= .
(gOJG (3.38)

9
[ %

, < £ a o v
ANUUATVDN a)x,a)y nay G fn:ﬂmmﬂuwuq°lu°v;ﬂmmauamwﬂwﬁummm

' A a A s A A
ﬁjﬂﬂﬁgﬂﬂﬂﬂﬁuﬁl‘lv!ﬁilﬂﬁli (3.35) UASDUNUAUKEANNIT (3.38) aﬂzﬂa\u‘ﬂa'ﬂ G

- i o, sSing
jw(t xcos<p+ysm(pj oy COSptysing ,[Vijy
€

v =y ¢ gl € (3.39)
7 - |[Ho (3.40)
&

1 4 = 4 Y ' A a :JI
ADND IWUUFIANINULUTNVDIANNT (3.39) VoN M NIIUIUNAUDIAAUAUNIIAT
@ 9 3 4 = 4 Y] o’/’

ﬂTﬂﬂ‘UﬁuTNulV\Iﬂ'Iﬂ’JfJﬂTINLi’JLLﬁQ c uamaﬂﬂwmuwaaﬁmwﬂuﬂmumﬂuﬂgmmﬂ
A A ] U A o = Y
VBIAAUNANAIDEIIADIHBILVVLONS INIUUTIAAa0A X LAy y aun19 (3.40) vonlwn

1T a A o @ A 1w a Ja A G4 A
‘VIiT]J’J'IE]ll‘WLmLlGIfGU'E]\W]’JﬂaN3Jﬂn‘ﬂ'lﬂ‘lJGluE]1ﬂ1?(@’(?fi3ﬂ'li!LN@%@NWLL@H%@TNN@HIIGU

[~ A J o [ P4 1 1A
qun1s (3.26) ﬁ]&!,ﬂullﬂﬁﬂul\?@ullsllﬂ?illllﬁ“b’ﬁﬂ’iiﬂﬁ']ﬂﬁ?\? PML Q38LaZANLUANAINDYN
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Y [l
Tunsdivesdanan PML Magresnnuih (o,,0,) uas (o,,0,) sxdeuduliamdonly

[

A 3 [l dy 9 ~NA Ay a a 3A ~
AUNIT (3.26) WO WFUDUAIIINFINADINIITUIDNAND ANNIT (3.35) tag (3.39) lunsal

W1 9 Tvesaunis 3.35) armstaunisvesnau e y 928114 cose =0 wazdn

[ * 9 = A 4' a dgl d! Y [ a =
Useneuny c,=0,= 0 ua’mx"lmmig}ﬂﬂauﬂaummu PIVEADAAADINUNITNIITUIN
A a ,g? @ = 1 = J o Y
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Directive Gain Array Antenna using MSA with Asymmetric
T-shaped Slit Loads

S. KAMPEEPHAT, P. KRACHODNOK, M. UTHANSAKUL, AND R.WONGSAN
School of Telecommunication Engineering, Institute of Engineering
Suranaree University of Technology
111 University Avenue, Muang District, Nakhon Ratchasima, 30000
THAILAND

Abstract: - This paper presents a 1x4 array antenna using asymmetric T-shaped slit loaded microstrip antenna
(MSA). The antenna consists of a dialectic substrate which is used for the antenna panel and a reflector. A
modified array configuration is proposed to further enhance the antenna radiation characteristics and usable
bandwidth. The IE3D-based simulation results agree with the experimental results. This proposed panel

antenna can be applied to wireless communications.

Kev-Words: - Array, Directive Gain, Microstrip Antenna, Radiation Patterns

1 Introduction

At present, the advance of wireless systems require
an increase in bandwidth and sharing in limited
frequency bands, particularly in PDC (Personal
Digital Cellular Telecommunication System), PHS
(Personal  Handy-Phone  System), IMT-2000
(International Mobile Telecommunication-2000),
and wireless LAN (Local Area Network) [1].
Several designs of the single feed dual-band
microstrip antennas (MSAs) have recently been
reported, for example, a dual-band circularly
polarized (CP) aperture-coupled stacked microstrip
patches [2], a spur-line filter-embedded nearly
square microstrip patch [3], a circular microstrip
patch with two pairs of arc-shaped slots [4], and a
square MSA inserted with four T-shaped slits at the
patch edges or four Y-shaped slits at the patch
corners |5]. The lattermost one proposed a
reactively-load technique using four T-shaped slit
loads on each patch edge symmetrically. It is small
of size, low of cost, low of profile, and light of
weight compared to the work presented in [2]-[4].
Nevertheless, its dual bandwidths of 1.17% and
1.05% are not sufficient to be implemented as well
as it is not suggested to be used in any application.
Therefore, Wongsan et al. [7] reported an
alternative technique providing dual-frequency
wider bandwidth MSA using a rectangular patch
and modifying the dimensions of four T-shaped slit
loads asymmetrically. Moreover, The thickness of
FR4 substrate was increased from 1.6 mm to 3.2
mm in order to enlarge the lower and higher bands

ISSN: 1790-5117

334

of this antenna. However, this antenna has low gain
and asymmetric radiation pattern.

In this paper, we present an array antenna using
the rectangular patch array with asymmetric T-
shaped slit loaded MSA. The high gain is presented
along with a parametric study based on numerical
and experimental results. In addition, the radiation
patterns are presented for a modified mirror
rectangular  patch array configuration. The
simulation and analysis for the proposed antennas
are performed using the IE3D-based simulations.
The measurement results of the gain, the magnitude
of S;1. and radiation patterns are also conducted for
verification of the simulation results.

Section 2 describes the synthesis of antenna
configuration as a rectangular patch with
asymmetric T-shaped slit loaded MSA and array
antenna configuration. In addition, we present
details of pattern improvement which are adjusted
by element patch spacing and modified by mirror
patches. The measured results for the 14 arrays are
reported and compared with the simulated results in
section 3. Finally, this paper are concluded in
section 4

2 Array Antenna Configuration and
Numerical Results

Fig. 1 shows the dual-frequency of single-feed slit-
loaded rectangular microstrip antenna. The antenna
consists of four T-shaped slits inserted at the patch
edges. The rectangular patch has a side length L and
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width W, is printed on a substrate of thickness /1 and
relative permittivity &. A narrow center slot of
dimensions /,<w,(/,>w,) is embedded in the x-axis
near the patch center of the rectangular patch. A
single probe feeds at point (x,,y,) along the diagonal
of the patch. For the designed dimensions of four T-
shaped slit, the left and right arms have the same
dimensions of a narrow width s, and a length /,. The
dimension of each center arm is indicated by d;>*w,
with the different arm width d,>d>. The dimensions
of upper and center arms are of s>x/, and w.*d,
respectively. The dimensions of lower and center
arms are of s;x/, and w;xd, respectively. Using
those dimensions, the operating frequency is higher.

Fig.l Dual-frequency rectangular microstrip antenna
with asymmetric T-shaped slit loads.

Moreover, it is found that both shifting a narrow slot
out of the patch center along the negative y-axis and
increasing the height of substrate can increase
bandwidths to cover the required ISM (Industrial
Sciences Medicine) bands.

An asymmetric T-shaped slit loaded antenna has
the following parameters: & =4.4, ground-plane size
=75x7.5 mm’, h=1.6, (x,),)=(-8.25,6.275),
L=36.87, W=31.232, d,=2.14, d-=0.067, w;=1.511,
w>=2.015,  w;=3.525, w,=1.007, §,=15.830,
1,=19.948, [,=28.603, 5,=2.015, s,=141 and
§;=2.017. All dimension units are millimeter. By
using parameter above, Wongsan ef ¢d, [7] shown
that the resonant frequencies of the asymmetric T-
shaped slit loads are 2.45 GHz, 5.25 GHz, and 5.8
GHz, respectively. However, this anteyma has low
gain and asymmetric radiation pattern.

2.1 1x4 Array Elements

To improve radiation characteristies, a
rectangular patch with asymmetric T-shaped ,slit
loaded MSA was arrayed with element spacing of:
4/2 to increase the gain as shown in Fig.2. This
work proposes the design of asymmetric T-shaped

ISSN: 1790-5117

slit loaded MSA which is modeling 1x4 array. As
reported in Tablel, the simulation results show that
gains of array antenna are increased up to 7 dBi, 9
dBi, and 12 dBi for the first, the second and the
third frequency bands, respectively. The simulated
radiation patterns of the array antenna at the center
of three ISM bands are shown in Fig.3.

From the results, the azimuth patterns (H-plane)
were wide. On the other hand, the elevation patterns
(E-plane) were narrow which reduce propagation
losses in undesired areas. Such microstrip antenna is
therefore suitable for wall installation.

Tablel Gain for one and four elements

No. eleme 245 525 58
0. clement GHz GHz GHz
One-element [7] 3.98dB1 | 3.7dBi 6.14 dB1
Four-elements 7 dBi1 9 dBi 12 dBi

Fig.2 A x4 array antenna using rectangular patch
with asymmetric T-shaped slit loaded MSA at
element spacing of /2.
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135°

180°

(a) E-plane

#=0

1807

(b) H-plane

245GHz
- 525GHz
sese== 5.8GHz

Fig.3 Simulated radiation patterns at 2.45 GHz, 5.25
GHz, and 5.8 GHz for element spacing of /2.

2.2 Radiation Patterns Improvement by
adjustment of Patch Spacing
Although array element spacing of A/2 can increase
gain, radiation pattern in E-plane is very narrow
beamwide. Therefore, this array antenna can not
cover the required area. In addition, if its spacing is
shorter than A/3, patch antennas are overlapped and
if its spacing wider than %/2, the radiation patterns is
higher sidelobe level. Thus, the appropriate space
between the patch considered here is decreased from
/2 to M3 (40.816 mm).

Fig.4 shows the radiation patterns of the array
antenna at distance A/3 by using the IE3D-based
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336

simulations. We found that adjustment of patch
spacing to A/3 can provide the compared with the
case of better radiation pattern /2.

- 907

- 907

(b) H-plane

245 GHz
- 5.25GHz
ees== 58GHz

Fig. 4 Simulated radiation pattern at 2.45 GHz, 5.25
GHz, and 5.8 GHz for element spacing of A/3.

23 Radiation Patterns Modification by
Mirror of Patches
Since arrayed with 2/3, the radiation patterns are
asymmetric. Then modification array antenna using
mirror of patch improves the radiation patterns to
symmetric as shown in Fig 5, moreover, its radiation
patterns cover the required area.

This paper proposes two methods of radiation
patterns improvement. First, we propose an
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adjustment of patch spacing to A/3 which can
decrease sidelobe levels. We then propose a
modification of array antennas using mirror of patch
to achieve symmetric radiation patterns.

A=0"

oy, //
B -—~/XIL‘><
WK

s
) ijsa\\-_/ 135“

1807

(a) E-plane

™,

&

L%
\ K/\_,W_
\ 33

90"

- 135°

180°

(b) H-plane

Fig. 5 Radiation Patterns Modification by Mirror of
Patches

3 Experimental Results

In order to implement this concept, the
rectangular microstrip array antenna with
asymmetric T-shaped slit loads is designed and
fabricated as show in Fig.6. The thickness of FR4
substrate 1s 3.2 mm which 1s fabricated using two
layer of 1.6 mm FR4 PCB which can result in a gap.
The proposed antenna is fed with a 50 Q SMA
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connector and connected to an HP8722D
network analyzer in order to test the reflection
coefficients. From Fig.7, it can be clearly seen
that the measured reflection coefficients are
superimposed with the simulated ones and the
good agreement. The simulation results show that
at the lower frequency band (2.403-2.57 GHz), its
bandwidth is equal to 167 MHz, at the middle and
higher frequency band (5.221-5456 GHz), its
bandwidth is equal to 235 MHz, (5.658-5.96 GHz),
its bandwidth is equal to 302 MHz, respectively.
Also, the measured result show that at the lower
frequency band (2.38-2.536 GHz), its bandwidth is
equal to 156 MHz, the middle and higher frequency
band (4.979-6.308 GHz), its bandwidth is equal to
1.33 GHz. Both of them can cover the required three
ISM bands. The measured and simulated far-field
radiation patterns of the proposed antenna at the
center of three ISM bands are 2.45 GHz, 5.25 GHz,
and 5.8 GHz shown in Fig.8. It can be seen that
similar radiation patterns for three operating
frequency bands are in good agreement.

Fig.6 Proposed rectangular microstrip array antenna
with asymmetric T-shaped slit loads.

LITREIE]]

Fig.7 Measured and simulated reflection
coefficients.
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1807

(a) E-plane at 2.45 GHz

(c) E-plane at 5.25 GHz
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(f) H-plane at 5.8 GHz

—— Simulation —-—- Measurement

Fig.8 Measured and simulated far-field radiation
pattern at 2.45 GHz, 5.25 GHz, and 5.8 GHz.
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From the results of patterns modification by
mirror of patches, we found that at the lower
frequency band, its gain and radiation patterns are
better, furthermore, sidelobe is reduced, at middle
frequency band and at the higher frequency band, its
radiation patterns have higher sidelobe level that
causes of gain decreased.

4 Conclusion

In this paper, a array antenna using rectangular
MSA with asymmetric T-shaped slit loaded is
proposed for increasing gain. From the simulation
results shows that, then, the array element spacing
are adjusted from A2 to M3, covering the required
area is increased. In addition, the modification by
mirror of patches can improve the radiation patterns
to symmetric. The experimental results are in good
agreement with the simulation results. Finally, this
proposed antenna as panel antenna which can be
applied to wireless communications.
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Gain and Pattern Improvements of Array Antenna using MSA
with Asymmetric T-shaped Slit Loads
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Abstract: - This paper presents a |x4 array antenna using asymmetric T-shaped slit loaded microstrip
antenna (MSA). The antenna consists of four MSAs align vertically on a dielectric substrate and ground plane.
This antenna will be utilized in WLAN applications as the commercial panel antenna. A modified array
configuration is proposed to further enhance the antenna radiation characteristics and usable bandwidth. The
desired patterns of array are improved by adjusting the array element spacing from /2 down to /3. Moreover,
alternating of the slit loads positions on each side of some patches in array can control the directive patterns to
be symmetric shapes. The measured results of the radiation pattern, input impedance, return loss, VSWR,
directive gain, and are also conducted for verification of the IE3D-based simulated results. With good
agreement between the simulated and measured results and accordance of the requirements, therefore, this
proposed panel antenna is appropriate for the wireless applications.

Key-Words: - Array Antenna, Directive Gain, Microstrip Antenna, Radiation Patterns, Slit Load

1 Introduction which are presented in |5]-[7]. Nevertheless, its dual
At present, the advance of wireless systems require bandwidths of 1.17% and 1.05% are not sufficient to
an increasment in bandwidth and sharing in limited be implemented as well as it is not suggested to be
frequency bands, particularly in PDC (Personal used in any application. Therel‘ore, Wongsan (I.’f‘c?f.
Digital Cellular Telecommunication System), PHS [12] reported an alternative technique providing
(Personal  Handy-Phone ~ System), IMT-2000 dual-frequency wider bandwidth MSA wusing a
(International Mobile Telecommunication-2000), rectangular patch and modifying the dimensions of
and WLAN (Wireless Local Area Network) [1]. The four T_-shaped slit loads asymmemcqlly_ Moreover,
popular antennas for WLAN access point are linear the thickness of FR4 substrate was increased from
dipole, slot array, and microstrip antenna [2]-[4]. ]:6 mm to 3.2 mm in order to enlarge the lower and
These antennas will be usually placed at the well of higher bﬂnds of this antenna. However, ‘lhc antenna
rooms or buildings. Several designs of the single has low directive gain and asymmetric radiation
feed dual-band Microstrip Antennas (MSAs) have pattern. )

recently been reported, for example, a dual-band In this paper, we present an array antenna using
circularly  polarized aperture-coupled  stacked the rectangular patch array with asymmetric
microstrip patches [5], a spur-line filter-embedded T-shaped slit loaded MSA. The high directive gain
near[y square microguip palch [ﬁjq a circular is prCSCnlCd a|0ng with a paramctric study based on
microstrip patch with two pairs of arc-shaped slots numerical and experimental results. In addition, the
[7], a broad-band U-Shaped PLFA with dual band radiation patterns are presented for a modification
capability for Bluetooth and WLAN [&], and a by alternating the slit loads positions on each side of
square MSA inserted with four T-shaped slits at the rectangular patches array configuration. The
patch edges or four Y-shaped slits at the patch simulation for the proposed antennas are performed
comers [9]-[10]. The lattermost one proposed a by using the IE3D-based simulations. The measured
reactively-load technique which is using four results of the radiation pattern, input impedance,

T-shaped slit loads on each patch edge
symmetrically. It is small of size, low of cost, low of
profile, and light of weight compared to the work

return loss, VSWR, directive gain are also
conducted for verification of the simulated results.

ISSN: 1108-2742 922 Issue 9, Volume 7, September 2008
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Section 2 describes the array antenna
configuration using a rectangular patch with
asymmetric  T-shaped slit loaded MSA and
numerical results. In addition, we present details of
pattern improvement which are adjusted by element
patch spacing and modified by alternating the slit
loads positions on each side of patches. The
measured results for the 14 arrays are reported and
compared with the simulated results in section 3.
Finally, this paper is concluded in section 4

2 Array Antenna Configuration and

Numerical Results

Fig. 1 illustrates the dual-frequency of single-feed
slit-loaded rectangular microstrip antenna. The
antenna consists of four T-shaped slits inserted at
the patch edges. The rectangular patch has a side
length 2 and width W, printed on a substrate of
thickness /1 and relative permittivity &. A narrow
center slot of dimensions /; xw; (/;>w,) is embedded
in the x-axis near the patch center of the rectangular
patch. A single probe feeds at point (x,,),) along the
diagonal of the patch. For the designed dimensions
of four T-shaped slit, the left and right arms have
the same dimensions of a narrow width s; and a
length /;. The dimension of each center arm is
indicated by d;xw; with the different arm width
d;>d>. The dimensions of upper and center arms are
of s5x/5 and w;xd,, respectively. The dimensions of
lower and center arms are of s;x/> and w;xds,
respectively. Using those dimensions, the operating
frequency is higher.

Ground

Fig.1 Dual-frequency rectangular microstrip antenna
with asymmetric T-shaped slit loads.
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Moreover, it is found that both shifting a narrow slot
out of the patch center along the negative x-axis and
increasing the height of substrate can increase
bandwidths to cover the required ISM (Industrial
Sciences Medicine) bands.

An asymmetric T-shaped slit loaded antenna has
the following parameters: & = 4.4, ground-plane
size = 7.5x7.5 mm’, h = 1.6, (x,,y,) = (-8.25,6.275),
L = 3687, W = 31.232, d; = 2.14, d, = 0.067,
wy= 1511, wy = 2,015, w; = 3.525, w, = 1.007,
[, =15.830, [, = 19.948, [, = 28.603, 5; = 2.015,

are  millimeter. By using parameter above,
Wongsan efal. [7] shown that the resonant
frequencies of the asymmetric T-shaped slit loads
are 2.45 GHz, 5.25 GHz, and 5.8 GHz, respectively.
However, this antenna has low directive gain and
asymmetric radiation pattern.

2.1 1x4 Array Elements

To improve radiation characteristics, a rectangular
patch with asymmetric T-shaped slit loaded MSA is
arrayed with element spacing of %/2 to increase the
directive gain as shown in Fig.2. This work
proposes the design of asymmetric T-shaped slit
loaded MSA which is modeling 14 array [13].

As reported in Table 1, the simulated results
show that directive gain of array antenna are
increased up to 7 dBi, 9 dBi, and 12 dBi for the
lower, middle and higher frequency bands,
respectively. The simulated radiation patterns of the
array antenna at the center of three ISM bands are
shown in Fig.3.

It is noted that the azimuth patterns in H-plane
were wide. On the other hand, the elevation patterns
E-plane were narrow, while the propagation losses
in undesired areas can be operated reduced in
WLAN band. Therefore, this array antenna is
therefore suitable for installation on the wall.

Table 1 Directive gain for one and four elements.

Frequency 245 555 ss
245 25 5.

Directive GHz GHz GHz
gain
One-element [12] ¢ )

(dBi) 3.98 3.7 6.14
Four-elements c

(dBi) 7 ? 12
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‘é' Ground

Fig.2 A 1x4 array antenna using rectangular patch
with asymmetric T-shaped slit loaded MSA for
element spacing of 1/2.
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90

(b) H-plane

2.45 GHz
=+ = 5.25GHz
eseeeess 5.8 GHz

Fig.3 Simulated radiation patterns at 2.45 GHz, 5.25
GHz, and 5.8 GHz for element spacing of A/2.

2.2 Radiation Patterns Improvement by
adjustment of Patches Spacing

Although array element spacing of A/2 can increase
the directive gain, its beamwidth in E-plane still be
narrow and occurring the side lobed pointed to
undesired directions. Therefore, this array antenna
will be improved in this section. In addition, if its
spacing is shorter than /3, patch antennas are
overlapped and if its spacing is wider than 2/2, the
radiation patterns vields higher sidelobe level. Thus,
the appropriate spacing between the patchs is
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considered here by adjusting the spacing distance
from A/2 down to A/3 (40.816 mm).

Fig.4 illustrates the radiation patterns of the array
antenna at distance A/3. We found that the
adjustment of element spacing at least A3 can
reduce sidelobe level when compared to the element
spacing of A/2.

- 907

- 90°

(b) H-plane

— 245 GHz
— 5.25GHz
5.8 GHz

Fig. 4 Simulated radiation pattern at 2.45 GHz,
5.25 GHz, and 5.8 GHz for element
spacing of A/3.
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2.3 Radiation Patterns Modification by
Alternating the Slit Loads Positions on each
Side of Patches

To depict in Fig.5 (a). prototype antenna A is the
original dual-frequency rectangular microstrip
antenna with asymmetric T-shaped slit loads [12].
Since a 1x4 array prototype antenna A at element
spacing of A/3, the radiation patterns are
asymmetrical as shown in Fig.4. For solving a
problem aforementioned, in Fig.5 (b), the prototype
antenna B that has been modified by alternating the
slit loads positions on each side of patches is
designed to improve the radiation patterns to be
symmetric shape and cover the required area.

Substrate

Ground

(b) Prototype antenna B
Fig. 5 Two prototypes of dual-frequency rectangular

microstrip antenna for total pattern
improvement of array.
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(a) E-plane

1807

(b) H-plane

245 GHz
« = 525GHz
5.8 GHz

Fig. 6 Radiation patterns of a prototype
antenna A.

Figs. 6 and 7 show the radiation pattern of
prototype antenna A and B, respectively. When they
are rearranged for 1x4 array antenna as shown in
Fig.8, its total patterns both in E- and H-planes will
be improved as shown in Fig 9.
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180°

(a) E-plane

(b) H-plane

245 GHz
- 5.25GHz
memmemee 5.8 GHz

Fig. 7 Radiation patterns of a prototype
antenna B.

3 Experimental Results

This paper proposes two techniques for radiation
patterns improvement. First, we propose the
adjustment of patch spacing to A3, which can
reduce the sidelobe levels. We then propose the
modification of array antennas by alternating the slit
loads positions on each side of patches to achieve
the symmetric radiation patterns.
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180°

(b) H-plane

2.45 GHz
—_— = 525GHz
meeeemms 5.8 GHz

Fig. 9 Radiation patterns of 1%4 array antenna with
prototype antenna A and B.

In order to implement this concept, the 1x4
rectangular  microstrip  array  antenna  with
asymmetric T-shaped slit loads is designed and
fabricated as shown in Fig.10. The thickness of FR4

Substrate . . . . .
-é- Ground substrate is 3.2 mm, which is fabricated using two
layer of 1.6 mm FR4 PCB, which can result in a
. . gap. The proposed antenna is fed with a 50 Q SMA
Fig.8 A 1x4 array antenna using rectangular patch connector and connected to an HP8722D network
with alternating the slit loads positions on each analyzer in order to test the reflection coefficients.
side of the MSAs (group B) for element
spacing of A/3.
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From Fig.11, it can be clearly seen that the
measured reflection coefficients are superimposed
with the simulated ones and the good agreement.
The simulated results show that at the lower
frequency band (2.403-2.57 GHz), its bandwidth is
167 MHz, at the middle and higher frequency bands
(5.221-5.456 GHz), its bandwidth is 235 MHz,
(5.658-5.96 GHz), its bandwidth is 302 MHz,
respectively. Also, the measured results show that at
the lower frequency band (2.38-2.536 GHz), its
bandwidth is 156 MHz, the middle and higher
frequency bands (4.979-6.308 GHz), their
bandwidth are 1.33 GHz. Both of them can cover
the required three ISM bands. Fig.12 shows the
simulated and measured VSWR. The simulated
results show that at the lower, middle, and higher
frequency bands, their VSWR are 1.22, 1.40, and
1.55, respectively. The measured results show that
at the lower and middle frequency bands, their
VSWR are 1.55, and higher frequency band, its
VSWR is 1.23. In Figs.13 and 14, the simulated and
measured results show that the input resistance and
input reactance at the lower, middle, and higher
frequency bands, are approximately 50 Q and 0 Q,
respectively. The simulated and measured far-field
(a) radiation patterns of the proposed antenna at the
center of three ISM bands are 2.45 GHz, 5.25 GHz,
and 5.8 GHz as shown in Fig.15. It can be seen that
similar radiation patterns for three operating
frequency bands are in good agreement.

Prototype
Antenna

Return Loss (dB)

— Samlation

e Neasurement

45k L s L L L L s L L }
2 5 3 35 4 L5 5 55 6 6.5 7

Frequency (GHz)

Fig.11 Simulated and measured return loss.

(b)

Fig. 10 Proposed rectangular microstrip array
antenna by changing slit loads position
on each side of patches.
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imulation

* Measurement | -

. | .
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Frequency (GHz)

Fig.12 Simulated and measured VSWR.

inulation

Measurement

ot

2 25 3 35 4 4.5 5 5.5 6 635 7
Frequency (GHz)

Fig.13 Simulated and measured input
resistance (Ohm).

Simulation
Measurement

2 3 4 5 6 7
Frequency (GHz)

Fig.14 Simulated and measured input
reactance (Ohm).
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(a) E-plane at 2.45 GHz
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(e) E-plane at 5.8 GHz

180°

(f) H-plane at 5.8 GHz
Fig.15 Simulated and measured far-field radiation

patterns at 2.45 GHz, 5.25 GHz, and 5.8 GHz.
( —— Simulation and —-—- Measurement)
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Directive Gain (dBi)

= Smulation

s
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Frequency (GHz)
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3
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Fig.16 Simulated and measured directive gain.

As shown in Fig.16, the simulated results show
that the directive gain at the lower, middle, and
higher frequency bands, are 7.5 dBi, 9.6 dBi,
12.2 dBi, respectively. Also, the measured results
are 7.2 dBi, 9.3 dBi, 12 dBi, respectively. It is
shown that, the measurement and simulation for
three operating frequency bands are in good
agreement.

From the results of patterns modification by
alternating the slit loads positions on each side of
patches, we found that at the lower frequency band,
its directive gain and radiation patterns are better.
Furthermore, the sidelobe level is reduced at middle
and higher frequency bands consequently, their
directive gain in such bands will be increased.

4 Conclusion

From this paper, the performance improvement an
array antenna using 1x4 rectangular MSA with
asymmetric T-shaped slit loads is proposed for
directive gain increament and pattern shaping. The
simulated and measured results have been shown
that when the array element spacing is adjusted from
/2 down to /3, the covering required area will be
increased. The modification by alternating the slit
loads positions on each side of patches can improve
the radiation patterns to be symmetric shape. In
addition, the important parameters consist of the
directive gain, return loss, VSWR, input impedance,
and radiation patterns have been simulation and
measurement for validation. The measured results
are in good agreement with the simulated results.
The obtained directive gains at the lower, middle,
and higher frequency bands are 7dBi, 9dBi, and 12
dBi, respectively. Also, the bandwidth measured
results show that at the lower frequency band, its
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bandwidth is about 156 MHz. For the middle and
higher frequency band, its combination of two
bandwidths are about 1.33 GHz. Therefore, both of
them can cover the required three ISM bands.
Furthermore, the VSWRs over the required bands
are lower than 1.55. Finally, this proposed antenna
as panel antenna can be realized and applied for
wireless applications.

5 Acknowledgement

This work was supported by the Research
Department Institute of Engineering, Suranaree
University of Technology, Thailand. Also, the
authors  would like to  express  their
acknowledgements to Prof. Prayoot Akkaraekthalin,
King Mongkut's University of Technology North
Bangkok, Thailand, supporting the IE3D Zeland
Software for simulation.

References:

[11 H. Toshikazu, “Broadband/Multiband Printed
Antenna,” IEICE Trans. Commun., Vol E88-B,
No.5, May 2005, pp. 1809-1817.

[2] G. Tsachtsiris, M. Karaboikis, C. Soras, V.
Papamichael and V. Makios, Multi Element
Fractal Rectangular Curve Patch Antenna for
Indoor Access Points, WSEAS Transactions on
Communications, Vol.3, No.2, 2004, pp. 478-
481.

[3] P. Krachodnok and R. Wongsan, Design of
Broad-Beam Microstrip Reflectarray, WSEAS
Transactions on Communications, Vol.7, No.3,
2008, pp. 180-187

[4] V. Thaivirot, P. Krachodnok and R. Wongsan,
Radiation Pattern Synthesis from Various
Shaped Reflectors Base on PO and PTD
Methods for Point-to-Multipoint Application,
WSEAS  Transactions on  Communications,
Vol.7, 2008, pp. 531-540

[5] D.M. Pozar and S.M. Duffy, “A dual-band
circularly polarized aperture-coupled stacked
microstrip antenna for global positioning
satellite”, [EEE Trans. Antennas Propagat.,
Vol.45, 1997, pp. 1618-1625.

[6] D. Sanchez-Hemamdez, G. Passiopoulos,
M. Ferrando, E. Reyes, and [. D. Robertson,
“Dual-band circularly polarized microstrip
antenna with a single feed,” Electron. Lelt.,
Vol.32, 1996, pp. 2296-2298.

[7] G. B. Hsich, M. H. Chen, and K. L. Wong,
“Single feed dual-band circularly polarized
microstrip antenna,” FElectron. Lett., Vol.32,
1998, pp. 1170-1171.

ISSN: 1109-2742

S. Kampeephat, P. Krachodnok,
M. Uthansakul, and R.\Wongsan

[8] H. Elsadek, D. Nashaat and H. Ghali, Broad-
band U-Shaped PLFA with Dual band
Capability  for Bluetooth and WLAN
Application,  WSEAS  Transactions  on
Computers, Vol.3, No.6, 2004, pp. 1788-1793.

[9] K.P. Yang, K.L Wong., “Dual-band Circularly-
Polarized Square Microstrip Antenna,” [EEE
Transaction on Antenna and Propagation, AP-
49, 3, March 2001, pp. 377-382.

[10] U. Kongmuang, “Bandwidth Analysis of Dual-
band Asymmetric Y-shaped Slit-loaded MSA,”
ECTI-CON 2008., Vol.1, 2008, pp. 281-284,

[11]James, J.R., and P.S. Hall, Handbook of
Microstrip Antenna, London: Peter Peregrinus
Ltd., 1989 ch. 1

[12] R. Wongsan and U. Kongmuang, “Bandwidth
Analysis of Dual-band Asymmetric T-shaped
Slit-Loaded MSA Using FDTD,” IS4P2007,
2007, pp. 310-313.

[13]S. Kampeephat, P. Krachodnok, M.
Uthansakul, and R. Wongsan, “Directive Gain
Array Antenna using MSA with Asymmetric
T-shaped ~ Slit  Loads.” 12"  WSEAS
International Conference on Communications,
Greece, 2008, pp. 334-339

Issue 9, Volume 7, September 2008




142

Circularly-Polarized Array Antenna using MSA
with Asymmetric T-shaped Slit Loads

“S. Kampeephat, P. Krachodnok, M. Uthansakul, and R. Wongsan
School of Telecommunication Engineering, Institute of Engineering,
Suranaree University of Technology,Nakhon Ratchasima, Thailand

E-mail: m5040100@g.sut.ac.th, priam@sut.ac.th,
mtp@g.sut.ac.th and rangsan@sut.ac.th

1. Introduction

At present, the advance of wireless systems require an increasment in bandwidth and
sharing in limited frequency bands, particularly in PDC (Personal Digital Cellular
Telecommunication System), PHS (Personal Handy-Phone System), IMT-2000 (International
Mobile Telecommunication-2000), and WLAN (Wireless Local Area Network) [1]. The popular
antennas for WLAN access point are linear dipole, slot array, and microstrip antenna. These
antennas will be usually placed at the wall of rooms or buildings. Several designs of the single feed
dual-band Microstrip Antennas (MSAs) have recently been reported. For example, a dual-band
circularly polarized aperture-coupled stacked microstrip patches [2], a spur-line filter-embedded
nearly square microstrip patch [3], a circular microstrip patch with two pairs of arc-shaped slots [4],
a broad-band U-Shaped PLFA with dual band capability for Bluetooth and WLAN [5], and a square
MSA inserted with four T-shaped slits at the patch edges or four Y-shaped slits at the patch corners
[6]. The lattermost one proposed a reactively-load technique using four T-shaped slit loads on each
patch edge symmetrically. It is small size, low cost, low profile, and light weight compared to the
work which are presented in [2]-[4]. Nevertheless, its dual bandwidths of 1.17% and 1.05% are not
sufficient to be implemented and was not suggested for utilization in any application. Therefore,
Wongsan et al. [7] reported an alternative technique providing dual-frequency wider bandwidth
MSA using a rectangular patch and modifying the dimensions of four T-shaped slit loads
asymmetrically. Moreover, the thickness of FR4 substrate was increased from 1.6 mm to 3.2 mm in
order to enlarge the lower and higher bands of this antenna. However, the antenna has low directive
gain and asymmetric radiation pattern. To solve their problem, the high directive gain is presented
along with a parametric study based on numerical and experimental results [8]. In addition, the
radiation patterns are presented for a modification by alternating the slit loads positions on each side
of rectangular patches array configuration. In this paper, we present circularly-polarized array
antenna using the rectangular patches with asymmetric T-shaped slit loads. The measured results of]
the input impedance, return loss, and VSWR are also conducted for verification of the simulated
results.

2. Array Antenna Configuration

Fig.l illustrates the dual-frequency of single-feed slit-loaded rectangular microstrip antenna.
The antenna consists of four T-shaped slits inserted at the patch edges. The rectangular patch has a
side length L and width W, printed on a substrate of thickness / and relative permittivity &, A
narrow center slot of dimensions /,xw, ([,>w,) is embedded in the x-axis near the patch center of the
rectangular patch. A single probe feeds at point (x,y,) along the diagonal of the patch. For the
designed dimensions of four T-shaped slit, the left and right arms have the same dimensions of a
narrow width s/ and a length /,. The dimension of each center arm is indicated by d,>*w, with the
different arm width d,>d,. The dimensions of upper and center arms are of s,x/, and w;*d>,
respectively. The dimensions of lower and center arms are of s5;%/, and w;xd,, respectively. Using
those dimensions, the operating frequency is higher.
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Moreover, it is found that both shifting a narrow slot out of the patch center along the
negative x-axis and increasing the height of substrate can increase bandwidths to cover the required
ISM (Industrial Sciences Medicine) bands. An asymmetric T-shaped slit loaded antenna has the
following parameters: &, = 4.4, ground-plane size = 7.5x7.5 mm’, h = 1.6, L = 36.87,
(xpy,) = (-8.25,6.275), W = 31.232, d,; = 2.14, d> = 0.067, w; = 1.511, w, = 2.015, w; = 3.525,
wy = 1.007, I, = 15.830, I, = 19.948, [, = 28.603, s, = 2.015, 5, = 1.41 and s; = 2.017. All
dimension units are millimeter. By using parameter above, Wongsan et al. [8] shown that the
resonant frequencies of the asymmetric T-shaped slit loads are 2.45 GHz, 5.25 GHz, and 5.8 GHz,
respectively. However, this antenna has low directive gain and asymmetric radiation pattern.

3. Experimental and Numerical Results

|« L o
.é‘ Substrate
Ground
Figure 1: Dual-frequency Rectangular Microstrip Figure 2: Proposed Rectangular Microstrip
Antenna with Asymmetric T-shaped Array Antenna by Changing Slit
Slit Loads Loads Position on Each Side of

Patches

The performance improvement of an array antenna using [x4 rectangular MSAs with asymmetric
T-shaped slit loads is proposed for directive gain increament and pattern shaping [8]. The simulated
and measured results have been shown that when the array element spacing is adjusted from /2
down to /3, the covering required area will be increased. The modification by alternating the slit
loads positions on each side of patches as shown in Fig.2 can improve the radiation patterns to be
symmetric shape. In addition, the important parameters which are consisted of the return loss and
VSWR have been simulated and measured for validation as shown in Figs.3 and 4. The measured
results are in good agreement with the simulated results. For the polarization measurement, the
partial method (polarization-pattern method) [9] has been used for polarization measurement of
antenna as shown in Fig.6 (a) through (c). In Figs.6 (a) and (c), it is obvious that the proposed
antenna is nearly circularly polarized along its axis at 0°. And greater observation angles, its
polarization becomes elliptical. For the polarization measurement at 5.25 GHz as shown in Fig.6
(b), the proposed antenna is nearly circularly polarized around its axis. For the difference of
polarization measurement, due to the slit loads positions on each side of patches, it has an effect on
resonant frequency.
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4. Conclusion

From this paper, the performance improvement an array antenna using 1x4 rectangular
MSA with asymmetric T-shaped slit loads is proposed for measured results polarization. The
measured results show that the polarized at the lower, and higher frequency bands, are nearly
circularly polarized along its axis at 0°. and circularly polarized at middle frequency band. Finally,
this proposed antenna as panel antenna can be realized and applied for wireless applications.
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